Gold nanoparticles (AuNPs) were synthesized by the green method with activated Cochlospermum gossypium (carboxymethylated Cochlospermum gossypium gum or carboxymethylated gum kondagogu: CMGK) as stabilizer and reducing agent. The obtained size of AuNPs was 11 ± 2 nm. The impacts of HAuCl 4 concentration, CMGK concentration, and reaction time on the synthesis of AuNPs were investigated. The techniques, UV − visible spectroscopy, FTIR, DLS, TEM, and powder XRD, were used for characterization. The reducing capacity of the synthesized CMGK-AuNPs was tested for reduction of 4-nitrophenol (4-NP) along with NaBH 4 . The effects of NaBH 4 , catalyst dose, and temperature were studied for reduction of 4-NP. The AuNPs showed good antibacterial activity against E. coli and Bacillus subtilis. The outcomes of the study indicated that CMGK-AuNPs have notable antimicrobial and environmental applications.
Introduction
Nanotechnology and nanoscience can give answers to problems in the society in various areas, i.e. environmental solutions, viz., wastewater treatment, green sustainable production and additionally in nanomedication, solar power, etc. (Murray et al. 2008; Song et al. 2009; Santanu et al. 2013) . Metal nanoparticles are very noteworthy to scientists due to their inimitable characteristics and broad array of applications in various areas of physics, chemistry, material and biomedical sciences (Rajkiran Reddy et al. 2015; Bhagavanth Reddy et al. 2015; Rana et al. 2011) . Metal nanoparticles show exceptional chemical and physical characteristics (thermal, optical) , maybe owing to the permutation of a great proportion of elevated surface atoms comparative to nanoscale and bulk solid, mean free path of an electron changing its conductivity (Farkas et al. 2010; Haseeb et al. 2012 ) and mobility. The optical features depend on their dielectric constant of the adjacent medium, the size and shape of the nanoparticles as well as particle distance (Qi-Hui W et al. 2014; Ojea-jime et al. 2010) .
Gold nanoparticles (AuNPs) have gained superior consideration in this decade, owing to their novel optical, electronic and biocompatible (Anwar et al. 2013 ) properties, and demonstrate noteworthy applications in catalysis, bio-imaging, drug formulation technology, development of sensors, etc. (Kantha et al. 2013; Sang-Woo et al. 2006; Shon et al. 2004) . Gold nanoparticles have been actively studied in various biomedical applications as they offer new approaches for the detection and treatment of life-threatening diseases, such (Madhusudhan et al. 2004; Chun-Chao et al. 2012) as cancer. Numerous techniques have been reported in the 1 3 literature for nanoparticle synthesis; amongst them, the most traditional and convenient technique is metal salt solution reduction with the aid of reducing agents (Ravi et al. 2013; Eustis et al. 2005; Jana Horska et al. 2018 ) (N, N-dimethyl formamide, sodium borohydride, disodium citrate, etc.). The solution reduction method may be associated with environmental (Jagtap et al. 2012; Farkas et al. 2010 ) toxicity or biological risk. As an alternative to chemical reduction techniques, scientists are attracted towards the ''green methods'' for synthesis of nanomaterials by using natural gums, plant extracts, etc., which are non-toxic, clean and eco-friendly, in aqueous medium. Biosynthesis of gold nanoparticles using Salmalia malabarica gum (Bhagavanth , Ocimum sanctum (Philip et al. 2011 (Philip et al. , 2010 , Mangifera indica leaf, Magnolia kobus gum, Diopyros kaki (Jae et al. 2009 ) and Acacia nilotica leaf ( Rakhi et al. 2013) have been reported.
Kondagogu gum is an extract from the bark of Cochlospermum gossypium, family Bixaceae and is chemically a polysaccharide. The modified gum is in the form of carboxymethylated kondagogu gum (CMKG), which is biodegradable, non-toxic, cheap and readily available. The availability, description and the chemical nature of the gum have been described in a previous work (Kaushik et al. 2010) . Carboxymethylation is a preferable process for the functionalization of polymers owing to its low cost, easy process and versatility of the obtained product (Aruna et al. 2010 ). Carboxymethylation applied on natural gums (containing polysaccharides), i.e. Cassia tora, guar, gellan and tamarind, was successfully investigated (Kondaiah Seku et al. 2018; Martı´nez et al. 2013 ).
In the present work, the modified gum (carboxymethylated kondagogu gum or carboxymethylated gum Cochlospermum gossypium or CMGK) is utilized for the synthesis of gold nanoparticles. Modified gum acts as a stabilizing cum reducing agent. Instrumental techniques, UV-Vis spectrophotometry, Fourier transform infrared spectroscopy, powder X-ray diffraction, DLS, and TEM, were used for characterization. The catalytic activity of the reduction conversion of 4-nitrophenol to 4-aminophenol and its reaction kinetics were studied spectrophotometrically. The antibacterial activity of gold nanoparticles was tested using Gram-negative and Gram-positive bacteria. Figure 1 shows the schematic representation of gold nanoparticles formation and their applications.
Materials and methods

Materials
Gum kondagogu was procured from the Girijan Cooperative Society, Hyderabad, Telangana, India. HAuCl 4 was purchased from Sigma-Aldrich, India. All the test strains were purchased from IMTECH laboratory, Chandigarh, India. 4-Nitrophenol, ClCH 2 COOH, NaCl, NaOH, sodium borohydride, yeast extract, tryptophan and agar-agar were purchased from Hi-Media Laboratories, India. 
Synthesis of carboxymethylated gum kondagogu
Gum kondagogu was modified to carboxymethylated gum kondagogu according to the earlier report given by Santanu et al. (2013) . In the typical preparation, first, different amounts of ice-cold NaOH solution (10 M) were mixed with gum kondagogu (10 g) over a period of 45 min and kept aside. Separately, different amounts of monochloroacetic acid were dissolved in 10 ml of water and added slowly to the above reaction mixture for a period of 1 h at 15 °C. The whole reaction mixture was stirred for 2 h at 65 °C. A wet semisolid mass was obtained at the end of the reaction. Then, it was washed with 80% (v/v) methanol/water mixture (50 ml × 3) for 15 min and neutralized by glacial acetic acid. The modified gum was dialyzed against water (48h) and vacuum dried at 50 °C for 3 h. The stock solution of carboxymethylated gum kondagogu (0.5% of homogeneous gum solution) was prepared by transferring the calculated CMGK powder into a reagent bottle containing double-distilled water and then stirring for about 5 h at room temperature.
Synthesis of gold nanoparticles with carboxymethylated gum kondagogu
Freshly prepared aqua regia solution was used to clean the glassware and then rinsed thoroughly with double-distilled water. Uniform gold nanoparticles were formed by reduction of auric chloride (HAuCl 4 ) using carboxymethylated gum kondagogu by autoclave. Double-distilled water was used for preparing all the solutions. Homogeneous 0.5% (w/v) modified gum standard solution was prepared by adding a measured amount of carboxymethylated kondagogu gum powder into the bottle containing distilled water and stirring for about 5 h at room temperature. 4 ml of HAuCl 4 and 6 ml of the carboxymethylated kondagogu gum solution were added to (Bhagavanth Reddy et al. 2015 ) the boiling tube. Pressure was maintained at 15 psi and temperature 120 °C in an autoclave. A red-colored solution was observed, clearly indicating the formation (Madhusudhan et al. 2014 ) of gold nanoparticles. Characterization techniques such as UV-Vis, Fourier transform infrared spectrophotometer, powder X-ray diffraction and transmission electron microscopy techniques were used for characterization of synthesized gold nanoparticles.
Characterization of gold nanoparticles
The synthesized AuNPs solution was scanned at 200-700 nm range with UV-Vis-NIR spectrophotometer (UV-3600, Schimadzu) and gum solution used as a blank. FTIR analysis was carried out by the KBr pellet method using JASCO FTIR 4600 instrumentation in the scanning range of 450-4000 cm −1 . AuNPs' zeta potentials were studied using the DLS equipment (serial number: MAL1004428, UK, Malvern Instrument Ltd). The crystalline study of the AuNPs was analyzed by XRD (Rigaku, Miniflex) with Cukα (λ = 1.5418 Å) radiation. The size distribution and morphology of AuNPs were examined by TEM. Morphology studies were carried out using HR-TEM, Tecnai G2 F20 S-Twin (high-resolution transmission electron microscopy).
p-Nitrophenol catalytic reduction
In the presence of sodium borohydride, a typical reduction reaction of 4-NP to 4-AP was investigated. Quartz cell with 1 cm path length was used to study the reduction reaction. For UV-visible measurements, in the cell 1.5 ml of 0.2 mM 4-NP was mixed with 1.0 ml of 0.015 M NaBH 4 for the investigation of the reaction. Instantaneously, the reaction mixture color was changed from the light yellow to deep yellow color. To this mixture, about 100 µL of AuNPs was added. The UV-visible absorption spectra ) with a short time interval of 1 min with scanning in the range of 200-650 nm was recorded.
Antibacterial properties of AuNPs
The antibacterial activity of gold nanoparticles was evaluated using the disk diffusion method. Bacterial strains such as E. coli and Bacillus subtilis were used for this study. For this, nutrient agar medium was transferred to a sterilized Petri dish and allowed to solidify. After solidification of the medium, 100 microliters of E. coli and Bacillus subtilis bacterial suspension was poured and spread in a laminar air flow hood. Later, 5 and 10 µL of the AuNPs loaded strips and 5 µL of CMGK were placed on the medium and all plates were dried and incubated at 37 °C for 24 h in an incubator. After incubation, the formation of inhibition zones around the strips was measured.
Results and discussion
Characterization of gold nanoparticles by UVvisible spectroscopy
This is a simple and convenient technique for identification of nanoparticles (Martı´nez et al. 2013 ). The formation of AuNPs was identified by UV-visible spectroscopy. The UV-visible absorption spectra of AuNPs showed a maximum peak in the wavelength range of around 518-535 nm as evident from Fig. 2a , which is attributed to the surface plasmon resonance (SPR) band for gold nanoparticles (Kondaiah ).
Optimization of synthetic conditions like concentration of reactants and reaction time is necessary to produce highquality nanoparticles. The role of CMGK concentration on the synthesis of AuNPs was studied by autoclaving at various concentrations of CMGK (0.1-1%) solutions at a constant concentration of 1mM of HAuCl 4 for 30 min, as shown in Fig. 2a . Formation of nanoparticles was enhanced by increasing the concentration of CMGK. AuNPs were synthesized by keeping the concentration of CMGK (1%) constant and changing the concentration of HAuCl 4 at an autoclaving time of 30 min. As can be seen Fig. 2b , with the increase of HAuCl 4 concentration, the formation of AuNPs was also increased. The effect of autoclaving time was studied (Fig. 2c) on the growth of AuNPs at 1% of CMGK aqueous solution and 1 mM of HAuCl 4 solution at different autoclaving times, i.e. 5, 10, 15, 20 and 25 for 30 min under 15 psi pressure. From Fig. 2c , it can be observed that the reduction ability of the gum increased with reaction time. More hydroxyl groups were converted to carbonyl groups by oxidation with an increase in autoclaving time and the gold ions were reduced to gold nanoparticles (Haseeb et al. 2012; Aruna et al. 2010 ).
Fourier transform infrared spectroscopy analysis
FTIR spectra were recorded for carboxymethylated gum kondagogu (CMGK) and its capped AuNPs (CMGK-AuNPs) and also the stabilization of gold nanoparticles was studied. Figure 3 shows the FTIR spectra of carboxymethylated gum kondagogu and its capped AuNPs. Major stretching vibrational frequencies in the IR spectrum of carboxymethylated gum kondagogu peaks were noticed at 3433, 2945, 1736, 1610, 1423, 1250 , and 1040 cm −1 (Fig. 3a) . The peak at 3433 cm −1 is associated with the -OH group and the peaks at 2945, 1736, 1610, 1423 and 1250 cm −1 correspond to the asymmetric C-H stretch, the carbonyl stretching vibration, the asymmetric stretch of carboxylate, a symmetrical stretch of carboxylate and acetyl group, respectively. The peaks at 1149 and 1040 cm −1 are related to the C-O stretching vibration of the ether and alcohol groups. Figure 3b shows the Fourier transform infrared spectrum of carboxymethylated gum kondagogu-capped gold nanoparticles, which indicated distinctive frequencies at 3373, 1747, 1591, 1406, 1220 and 1020 cm −1 . A shift in the peaks of the Fourier transform infrared spectrum of carboxymethylated gum-capped gold nanoparticles was noticed from 3433 to 3373 cm −1 and 1610 to 1591 cm −1 . These results suggested the strong binding of gold nanoparticles with the hydroxyl and carboxylate groups of gum. The formed AuNPs were stabilized by the carboxylate and hydroxyl functional groups Figure 4 shows the zeta potential values. It reveals the surface charge and consistency of the prepared AuNPs. A zeta potential of AuNPs is negative ( − 19 mV), which helps to make the synthesized nanoparticles stable for a long time without any aggregation between AuNPs.
Dynamic light scattering
Powder X-ray diffraction (XRD) studies
The development of AuNPs was authenticated by X-ray diffraction technique. The formulated sample (fraction) was lyophilized; the precipitate obtained was placed under vacuum and used for analysis. Diffraction peaks were observed at 2 theta values 38.32, 44.47, 64.75 and 77.03 and indexed as (111) (200) (220) and (311), respectively (Fig. 5) . These results agreed well with the reported [31, 41] values as well as with the Joint Committee on Powder Diffraction Standards (JCPDS NO. 04-0784). Thus, the powder XRD pattern obviously demonstrates that the developed AuNPs were crystalline in nature (Philip et al. 2010) . The developed AuNPs crystallite size was calculated (Scherer's formula) and was found to be nearly 9.5 nm. These observations are in good agreement with those of TEM analysis ). Scherer's equation is written as (1): where T is the crystallite size, β is the full width at half maxima, K is the shape factor (0.9 for spherical particles) and λ is the incident wavelength of X-ray (1.548 Å).
Transmission electron microscopy
The eco-green developed gold nanoparticles were subjected to transmission electron microscopy to estimate their shape and size. Figure 6 shows that the prepared gold nanoparticles were mainly spherical in shape. The resultant AuNPs show that CMGK can shield Au nanoparticles from conglomeration (Bandi et al. 2017; . The histogram (Fig. 6d ) was designed by considering 120 nanoparticles and obviously indicated that the average size dispersal was 11 ± 2 nm. Figure 7a demonstrates the effect of pH on the stability of AuNPs in the pH range 2-10. The CMGK-capped AuNPs were stable, slightly acidic, neutral and basic conditions. The particles seem to undergo some type of aggregation only at a pH of 2. At pH 5 and above, the particles were stable with no change in the surface plasmon peak and color of dispersion. Only when the pH of AuNPs was adjusted to pH 2, the dispersion showed some instability. The pH of the AuNPs was increased in the 5-12 range and no band shifting was observed in the UV-Vis spectra.
Stability of AuNPs
(1) T = K cos , This indicates that the AuNPs are stable in the 5-12 PH range. These results show that stabilization of AuNPs is due to an electrostatic mechanism. The AuNPs stability was investigated by increasing the ionic strength of the AuNPs. Figure 7b shows the UV-Vis absorption spectra of AuNPs in the presence of NaCl (0.5-3 M). The AuNPs were stable below 2 M NaCl. With an increase in the concentration of NaCl, the SPR band maximum redshifted; the AuNPs were not stable at higher concentration of salt. These results clearly revealed that the aggregation process starts at above 2 M concentration.
Catalytic property
Catalysis is an important application of gold metal nanoparticles for certain specified reactions. The catalytic reduction application of 4-NP to 4-AP was studied using CMGKcapped AuNPs as a catalyst in the presence of sodium borohydrate. In this reaction, the reactants and products were detected by a spectroscopic process. In a quartz cell, 1.7 ml of 0.2 mM 4-nitrophenol and 1 ml of 0.015 mM sodium borohydrate were taken and mixed well. The chemical reaction proceeded with change of color from light yellow to deep yellow. At the start of the reaction, a strong peak was noticed at 317 nm corresponding (Teng H et al. 2009; Keya et al. 2012 ) to the 4-NP solution (Fig. 8) . After the addition of sodium borohydrate, a strong absorption peak at 400 nm was shown by the reaction mixture, due to the formation of p-nitrophenolate ion. Without addition of AuNPs, the reaction was not observed (Haseeb et al. 2012) . The peak was retained at 400 nm. It indicates that the p-nitrophenolate ion was not reduced directly by sodium borohydrate. AuNPs solution was added to the phenolate ion reaction mixture and placed in a UV-visible spectrophotometer. The reaction was monitored in the range of 200-750 nm for every 1 min time interval. Appearance of a new peak at 298 nm demonstrated the formation of the reduced (Kondaiah Seku et al. 2018 ) product 4-AP (Fig. 8) . At 530 nm, a small peak was observed, which indicated no considerable change in the SPR of gold nanoparticles during the catalytic reduction of 4-NP. This observation suggested no agglomeration and instability of AuNPs during the catalytic reaction, even in the presence of a higher concentration of reducing agent NaBH4. From this, it is inferred that the catalytic activity of AuNPs was a surface reaction phenomenon (Jae et al. 2009 ).
The kinetics of the reaction is of the pseudo-first-order type with respect to 4-NP. The rate constant (k) was determined from the linear plots of ln (A 0 /A t ) versus reduction time in minutes (Fig. 9) . The rate equation can be written as Eq. (2): where A t is the the absorbance of 4-NP at time t and A 0 is the absorbance of 4-NP at time 0.
The rate of catalytic reduction was influenced by parameters such as amount of catalyst, concentration of BH − 4 and temperature.
The effect of NaBH 4 concentration (0.01-0.025 M) on the reduction of 4-NP was studied (Fig. 10a) . The rate was increased with an increase in concentration and in the range of 0.01-0.015 M, while in the range of 0.015-0.25 M it remained constant. Thus, the borohydride concentration selected for the entire study was 0.015 M, which was in large excess compared to that of 4-NP, to make the reaction independent (zero-order) of borohydride concentration.
The impact of the dosage of AuNPs on the catalytic reduction was (Fig. 10) investigated (Kondaiah Seku et al. 2018; , altering AuNPs dosage from 50 to 250 µL and keeping the other parameters constant, i.e. temperature and concentrations of NaBH 4 and 4-NP. Figure 10b shows plots of rate constant against varying doses of the catalyst. The results demonstrated that the rate constant was elevated with augmented doses of AuNPs, owing to increase in the reaction sites. Further, the effect of temperature was also investigated in the range of 30-65 °C (31, 37, 46, 59 and 64 °C) and the reaction activation (E a ) energy was calculated using Arrhenius Eq. 3.
where k is the rate constant, T the reaction temperature (in Kelvin), R the universal gas constant and A the constant. Figure 10c shows the plot of ln k against 1/T; the obtained curve is linear for 4-NP reduction using AuNPs. The plot confirmed that the temperature was proportional to the reaction. The activation (E a ) energy was calculated from the slope of the straight line and noted as 27.32 ± 1.14 kJ/mol. The catalytic reduction of 4-nitrophenol to 4-aminophenol using gold nanoparticles in the presence of sodium borohydrate is shown in Fig. 11 .
Antibacterial activity
Antibacterial activity of green synthesized carboxymethylated gum kondagogu (CMGK)-capped gold nanoparticles were analyzed against Gram-negative (E. coli) and Gram-positive (B. subtilis) bacteria. Formations of zone of 1 3 inhibition against test bacterial cultures were evaluated by the disk diffusion method (Kondaiah Seku et al. 2018; Ruíz-Baltazar et al. 2017; Mohanta et al. 2017; Rajan et al. 2017) . The inhibition zones were observed with CMGK-Au NPs against bacterial strains ( Fig. 12 ; Table 1 ), while there was no clear zone of inhibition for the carboxymethylated gum kondagogu (CMGK) alone samples (Kondaiah Seku et al. 2018) . Both E. coli and B. subtilis showed good inhibition zones around the CMGK-Au NPscoated strips and the results were compared with standard antibiotic (streptomycin). The inhibition zones of E. Coli (12 mm) and Bacillus subtilis (10 mm) were very nearer or similar to the standard antibiotic (12 mm) (Fig. 12) , which indicates the strong antibiotic nature of eco-friendly synthesized gold nanoparticles (Bandi et al. 2017; Kaushik et al. 2010) . In support of these results, it can be shown that the green-synthesized CMGK-AuNPs confirmed the considerable antibacterial activity on both Gram-negative and Gram-positive bacterial strains.
Conclusions
Carboxymethylated gum kondagogu was used for synthesis of CMGK-capped gold nanoparticles (CMGK-AuNPs). It is a simple, convenient, economically viable and environmentally friendly technique. The XRD and TEM studies confirmed that the CMGK-Au NPs were crystalline and spherical in shape with average particle size of 11 ± 2 nm. The reduction activity of CMGK-AuNPs followed pseudofirst-order reaction for 4-nirophenol to 4-aminophenol. The detailed kinetic aspects for catalytic reduction were evaluated by varying the concentration of NaBH 4 , temperature and amount of AuNPs. It is observed that the rate of reaction decreased and the rate constant was elevated with an increase in the temperature and amount of CMGK-AuNPs.
The synthesized CMGK-AuNPs demonstrated noteworthy antibacterial activity on both Gram-positive and -negative bacteria (E. coli and B. subtilis). Green synthesized AuNPs has prominent antimicrobial actions in current nanomedicine and catalytic environmental applications. 
